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Our starting ambitions were three-fold … 
❑  Achieve significant science impact 

❑  ‘Flash’ astrophysics 
❑  Computational (astrophysical) hydrodynamics/mhd 
❑  Computer science and applied mathematics 

❑  Transform computational science at UofC and Argonne 
❑  Build the community of computationally-savvy scientists at the UofC 
❑  Institutionalize the presence of computational science (and high-

performance computing in particular) at UofC by creating a 
university faculty structure for training of students and postdocs 

❑  Strengthen Argonne’s computer science program by connecting it to 
a world-class ‘applications’ group 

❑  Transform the perception of UofC itself, and its relationship 
with Argonne – both internally and externally 
❑  Put UofC ‘on the map’ in computational science, especially in 

computational astrophysics and hydrodynamics/mhd 
❑  Demonstrate by example the utility of UofC/Argonne collaboration 

Given the level of effort, we demanded of ourselves 
transformational legacies 
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“FLASH” was both a goal and a tool … 

❑  We early on realized that high performance computing - and the 
simulations that it makes possible - is not (just) about producing 
beautiful images, can be a powerful tool for exploring new ideas, 
building ‘physical intuition’ for highly complex (in terms of both 
physics and mathematics) astrophysical problems, and connecting 
the results of new concepts quantitatively to extant observations 

❑  Turning ‘can be’ into ‘is’ was our challenge 
❑  Building a widely-deployed community code for astrophysical fluid 

dynamics and magnetohydrodynamics was the means 
❑  Sustaining the effort against a great deal of skepticism was a core 

challenge 

Thus, FLASH has ended up being both a tool for creating legacies, 
and a legacy in its own right 



The ASC/Alliances Center for Astrophysical Thermonuclear Flashes 
The University of Chicago 

FLASH capabilities span a broad range … 

Cellular detonation 

Compressed turbulence 

Helium burning on neutron stars 

Richtmyer-Meshkov instability 

Laser-driven shock instabilities 
Nova outbursts on white dwarfs Rayleigh-Taylor instability 

Flame-vortex interactions 

Gravitational collapse/Jeans 
instability 

Wave breaking on white dwarfs 

        Relativistic accretion onto NS 

Orzag/Tang MHD 
vortex 

Type Ia Supernova 

Intracluster interactions 

Magnetic 
Rayleigh-Taylor 
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… FLASH is used by groups                        
throughout the world 

US 

Canada 

US 

Germany Italy 

Canada 

Germany 

Monthly Notices of the Royal Astronomical Society 
Volume 355 Issue 3 Page 995  - December 2004 
doi:10.1111/j.1365-2966.2004.08381.x 

Quenching cluster cooling flows with recurrent hot plasma bubbles 
Claudio Dalla Vecchia1, Richard G. Bower1, Tom Theuns1,2, Michael L. 
Balogh1, Pasquale Mazzotta3 and Carlos S. Frenk1 

UK 

Netherlands 
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FLASH Users 

  FLASH has been downloaded more than 2000 times 
  More than 650 scientists have been co-authors 
    on more than 370 papers published using FLASH 
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Discovery of Entirely New Mechanism for SN Ia:  
Gravitationally Confined Detonation 

Calder et al. (2003); Plewa, Calder and Lamb (2004);  
Townsley et al. (2007); Jordan et al. (2008); Meakin et al. (2009) 
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3D Simulations of Isotropic, Homogeneous, 
Weakly Compressible Turbulence 

❑  Discovery of scaling behavior for density and temperature 
fluctuations in weakly compressible turbulent flows (Benzi 
et al., PRL, 2008) 

❑  Demonstration of universality of statistical properties of 
particle trajectories in turbulent flows (Lanotta et al., PRL, 
2008) 
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3D Simulations of Rayleigh-Taylor Instability 

❑  “Alpha project” 
compared experiment 
with simulations carried 
out with variety of codes 

❑  Results demonstrated 
that, without ability to 
carefully control initial 
conditions, experiments 
and simulations are ill-
posed 

❑  Results failed to 
demonstrate alpha  
(which characterizes 
rate of growth of mixed 
region) is universal 

Dimonte et al. (2007) 
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3D Verification Simulations of Buoyancy-Driven 
Turbulent Nuclear Combustion 

❑  PP 

Initially Planar Flame 
In Rectilinear Domain 
at Constant g and ρ 

Flame Bubble in Rectilinear  
Domain at Constant g and ρ 

Flame Bubble 
in White Dwarf Star 
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Formed Partnership with SDSS-II Supernova 
Survey to Validate Type Ia Supernova Models 

SDSS Supernova Project has spectroscopically identified more than 
500 Type Ia supernovae, and obtained high-quality light curves and 
spectra for many of them (Holtzman et al. 2009, Kessler et al. 2009) 
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        Comprehensive Systematic Validation                
of Type Ia Supernova Simulations Is Underway  

[see poster] 
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What do we see as our legacies?               
Part 1 … 

Transformational science legacies  

❑ We created FLASH, a highly capable, modular, 
extensible community code, with a world-wide 
applications base, both within and outside 
astrophysics 

❑ We transformed the Type Ia supernova field in 
astrophysics 

❑ We transformed the ‘way of doing business’ in               
computational astrophysics:  
❑  Closely coupling code development with V&V 
❑  Coupling astrophysics-inspired experimentation with 

simulations 
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What do we see as our legacies?               
Part 2 … 

Transformational institutional legacies 

❑  We transformed the way Argonne and UofC interact: 
❑  Original PI of Flash Center became Director of Argonne (Prof. Robert 

Rosner) 
❑  UofC faculty re-engaged at Argonne: UofC retained Argonne 

management contract! 
❑  Argonne staff engaged at UofC 

❑  We transformed computational science at UofC, Argonne,               
and beyond: 
❑  Flash Center’s work led to creation of UofC Computation Institute 

(www.ci.uchicago.edu/) 
❑  Computational science faculty in A&A, Biosciences, CS, Math, … 
❑  Computational science courses across the Physical Sciences Division 
❑  Computing ALDship and BG/L-Q at Argonne 
❑  CMSO and JINA NSF Physics Frontier Centers 
❑  DOE/GNEP computational science program, centered at Argonne, 

bears imprint of ASC V&V philosophy (and key personnel: e.g., 
Andrew Siegel  was a previous Flash Center code group leader) 
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… our student legacy 
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…our postdoc legacy 
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…our postdoc legacy (continued) 
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Flash Center Awarded $9.3 M in FY 2009 

Flash Center 6/6 for proposals submitted in FY 2009: 
 ANL LDRD grant for period FY 2008-2010 ($340 K) 
❑  UofC-Fermilab Strategic Initiative grant for period FY 

2010-2011 ($104 K) 
❑  NASA Applied Information Systems Research grant for 

period FY 2010-2012 ($120 K) 
❑  NSF Physics at the Information Frontier grant for period FY 

2010-2012 ($300 K) 
❑  NSF Cyber Infrastructure Petascale Apps grant for period  FY 

2010-2013 ($2.2 M; $400 K to University of Chicago) 
❑  NSF Astronomy & Astrophysics grant for period FY 

2010-2014 ($2.25 M) 

Partnership between DOE ASCR Office of Science and  
NNSA is supporting the addition of HEDP capabilities to 
FLASH for period FY 2010-2012 ($6 M)    [see poster] 
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Did we attain our original three goals? 

❑  Achieve significant science impact   

❑  Transform computational science at UofC and 
Argonne   

❑  Transform perception of UofC itself, and of its 
relationship with Argonne, both internally and 
externally   

✓ 

✓ 

✓ 

The level of effort expended did lead to the 
transformational legacies we demanded of 
ourselves 



The ASC/Alliances Center for Astrophysical Thermonuclear Flashes 
The University of Chicago 

…along the way we brought visibility to NNSA, 
ASC, and the Academic Strategic Alliance Program 

❑  Through the FLASH code -- which has been used by 
more than 650 scientists around the world 

❑  Through the impact of the science done by the Flash 
Center 

❑  By demonstrating the value of closely coupling code 
development and simulations to V&V 

❑  Through the scientific discoveries made by the Center 
that received attention beyond the scientific 
community… 
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Discovery of New Type Ia SN Mechanism Is 
Lead Article in Science Times in 2004 
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Flash Center Type Ia Supernova Simulations 
Featured in March 2007 Astronomy Magazine 
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Flash Center Type Ia Supernova Simulations 
Featured in March 2007 Astronomy Magazine 
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Flash Center Simulations of Type Ia Supernovae 
Featured on History Channel Beginning in 2008 

❑  Movies of Flash Center 
simulations of Type Ia 
supernovae were shown 
and explained as part of 
the “Supernovas” episode 
in “The Universe” series 

❑  Episode premiered on 
Sunday, February 17, 
2008, at 10:00 CST 

❑  Episode has aired many 
times since 
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Flash Center Type Ia Supernova 
Simulations Featured in Science News 
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… which brings us to 

Questions and Discussion 


